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ABSTRACT

The Japanese government and the National Aeronautics and Space Administration
(NASA) agreed to and signed a Memorandum of Understanding on May 9, 1985, for
Phase B of the Space Station Freedom Program (SSFP), stating that the Japanese
would participate in the program with a Japanese Experiment Module (JEM), a
The Phase B study was a two
multipurpose research and development laboratory.
The design requirements and development plan for Phases C/D were
year effort.
Their updates, due to the introduction of the phased
completed in March 1987.
approach, were completed in September 1987. Japan signed the Inter-Government
al Agreement for the Phase C/D/E activities of the international SSFP with the
U.S., Canada, and European partners on September 29, 1988, and will be approved
by the Japanese Diet (i.e. Japanese legislatures) by early this summer.
JEM baseline functions will accommodate general scientific experiments and
JEM consists of
technological development, including microgravity research.
three structural elements: a Pressurized Module (PM), an Exposed Facility (EF)
and an Experiment Logistic Module (ELM). These three elements are functionally
integrated by a scientific and equipment airlock, and a remote manipulator.
This enhances the JEM functions required by the Japanese users and makes the
JEM unique.
INTRODUCTION

In January 1984, President Reagan of
the United States, in his State of
the Union Address, directed NASA to
develop a permanently manned S.S.
Freedom and officially invited friends
and allies to participate in the
In response to the invita
program.
tion, Japan studied its possible
participation in the definition and
preliminary design (Phase B) ac
The Memorandum of Under
tivities.
for Japan's par
(MOU)
standing
ticipation in Phase B of the SSFP was
signed between the Science and
Technology Agency of Japan (STA) and
Based on this MOU between
NASA.
these agencies, the National Space
Development Agency of Japan (NASDA)
started the definition and preliminary
design phase activities in April 1985.

NASA initiated a study for the SSFP in
In June 1982, NASA invited
May 1982.
and the European
Canada,
Japan,
countries to participate in the SSFP
from the early phase of research and
investigation. This was based on the
U.S. intention to make the program an
international collaboration.
In August 1982, Japan established an
Ad Hoc Committee under the Space
Activities Commission (SAC), which is
the Prime Minister's advisory
commission and is chaired by the
Minister of State for Science and
Technology, to create a policy for
A
Japanese involvement in the SSFP.
fundamental concept of participation
was studied for the areas of develop
ment and utilization.
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contribute to the program with
advanced technologies, particularly in
robotics, optical communications and
electronics.

GUIDELINES OF INTERNATIONAL PARTICIPA
TION

Prior to Phase B, NASA presented the
guidelines for international par
ticipation.
Some significant points
for Japan to consider were as follows:

Freedom will provide a permanent base
for men in space, with an enlarged
electrical power supply and more
spacious working areas than ever
before.
This will enable large scale
scientific observations and experi
ments which were previously impos
sible.
It is anticipated that
scientific knowledge will be in
creased, and the creation of new
technologies will be encouraged.

Cooperation must be mutually
beneficial to the U.S. and the
international partners;
Managerial and technical inter
faces should be minimized and
kept clean; and
Responsibility for sustaining
engineering and operational
management of internationally
developed elements and func
tions will remain with the
international partners.

PROGRAM POLICY

In the above paragraphs, the sig
nificance of the Japanese parti
cipation in the SSFP was presented.
In order to make the Japanese
participation smooth and effective,
the Ad Hoc Committee decided to
participate in the Phase B study.
During this study, the possibility of
Japan's participation with its
desired plan was evaluated, as well as
the feasibility of the plan.
The Ad
Hoc
Committee
established the
following policies in reference to
participation in the SSFP:

As such, the Japanese program policies
and requirements were established to
reflect these points, as well as the
Japanese user needs.
JAPANESE PARTICIPATION

Participation in the SSFP has opened
up a new dimension in Japanese space
development by adding the utilization
of the space environment to the
Japanese program.
In Japan, this new
dimension has attracted considerable
attention, and began with the develop
ment of the First Material Processing
Test (FMPT) program. The promotion of
space environment utilization, will
start with S.S. Freedom, since the
Freedom station is the best way to
accommodate
future
commercial
activities in space.
It is expected
that the SSFP will utilize highly
advanced technologies in broad areas.
Through participation in the program,
Japan will also acquire advanced
understanding of manned support
technology and assembly technology for
large structures in space, etc.

Promotion of International Coopera
tion: Freedom will be an internation
al facility for the expansion of human
knowledge and advancement of creative
science and technology.
It will be
an infrastructure for future space
activities.
It is very important for
the Japanese to positively contribute
to the international society as well
as to gain experience in new science
and technologies.
Successful par
ticipation to this program could lead
to further participation in other
future international programs,
The Maintenance of Japanese Autonomy:
The Japanese participation must be in
compliance with their domestic
capability and other Japanese space
development activities,
Japanese
participation in this program is
extremely important to the future
improvement of the Japanese technology
base. Improving Japan's own technology
will be critical to their participa
tion in future international coopera
tive programs. •

The Japanese space development policy
attaches significant importance to
cooperating with international space
activities. Japan's participation and
cooperation' in the program will be
effective in maintaining and further
promoting the friendship between
Japan, the United States and the other
partners.
Japan is prepared to
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and change in accordance with the
development of science and technology
on earth as well as in space, and the
accumulated experience of space
Therefore, it will be
experiments.
necessary to take into consideration
the possibility of such evolution and
changes in the initial stages of the
program.

Reciprocal Usage of Freedom's Elements
Among the International Partners:
Pursuant to flexibly meeting Japan's
widespread needs and its unique func
tion in the building of Freedom, it
will be necessary to promote the
reciprocal usage of Freedom f s elements
under an agreement among its interna
tional partners.
Maintenance of Clean Interface:
For effective Japanese participation
in the development of Freedom, it will
be necessary to establish a clean and
minimal interface with other parts of
This will significantly
Freedom.
reduce program risks, both physically
This is
and programmatically .
especially true for a program in
which all partners develop parallel
hardware in different organizations
and in different locations.

UTILIZATION

The study of Japanese user needs by
the Ad Hoc Committee resulted in
development of a utilization plan in
In this plan, the Committee
1984.
identified 38 themes for science and
They are
technology experiments.
i.e.
categorized into six areas,
earth
observation,
scientif ic
observation, materials science and
life
communication,
experiments
science, and technology development.
The data for these experiments were
registered in the NASA Mission
The utiliza
Requirements Data Base.
tion themes proposed were derived from
an extensive range of disciplines.
The high level user requirements were
The mission
derived from this study.
model for Japanese experiments is
shown in Table-1.

Understanding of Japanese Needs:
Freedom will require large scale and
Therefore, it
long-term operations.
is necessary to understand the
Japanese user needs from a broad
perspective and to reflect these
requirements in the overall program.
Consideration for Future Growth:
These needs are anticipated to evolve

Table 1. Mission Model for Japanese Experiments
Location

D 5

Qu

Area
Exposed

Mission Name

FLIGHT YEAR

Code

Material Science Experiment
Space Processing for Advanced Material
Commercial Space Processing Test
Biology and Medicine
Space Medicine
CELSS
Biotechnology
High Energy Cosmic Ray Experiment
Cosmic Ray Burst Observation
Line Gamma Detection
Space VLBI
Test of Sensor Technology
Observation of Upper Atmosphere
Data Processing Systems for Earth Observation
RFI
Large Communication Antenna
Advanced Communication and Data Handling System
To from Large GEO Satellites Assembly
Material Science Experiment
Space Processing for Advanced Material
Commercial Space Processing Test
Space Environmenmt
Large Antenna System Technology
Large Space Structure
Space Energy Requirements
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5

6

7

~7

IPevelopment

Operation and Utilization

Planning and Coordination

Coordination of all utilization plans from
industries, national institutes and
universities

Secretariat

Secretariat
Ministries &
Agencies

National Institutes
(NAL, ETL, Etc.)

Coordination of needs of relevant fields

R&D of Key
Elements

Study of space environment utilization
Coordination of utilization plans
concerning space science from
universities

Promotion of Related Technology
Collaboration with USA and Europe

R&D of the space experiment facilities
and equipments
Maintenance and refurbishment of JEM
Technical support for users
R&D for activities in growth phase
Research into utilization plans from
private sectors, information service

Figure 1. The Organization for Japanese Utilization and Its Functional Responsibility

A second series of studies on mission
requirements was conducted in October
As a result, the number of
1985.
themes proposed for utilization
The areas of space environ
doubled.
ment utilization (material and life
and technology develop
science)
especially attracted growing
ment,
The NASA database was
interests.
updated according to these study
results.
The Japanese industrial community is
strongly interested in space environ
This point is
ment utilization.
reflected in the five private sector
groups conducting research on the
In addition,
utilization of Freedom.
a nonprofit organization, the Japan
Space Utilization Promotion Center
(JSUP) , was founded in February 1986.
This organization promotes space
environment utilization research and
development and assists in feasibility
studies by collecting and supplying
Also
information about user needs.
the Institute of Space and Astronautical Science (ISAS) under the Ministry
of Education coordinates utilization
plans concerning space science from
universities.

Fig-1 shows the organization structure
This
for Japanese utilization.
figure also displays the functional
responsibility of each organization.
JEM SYSTEM DESIGN

The Ad Hoc Committee studied the
technological
needs,
Japanese
feasibility, coordination with other
and other
international partners,
recent topics of interests. Following
the study, it was concluded, with due
consideration to Japanese future
attached
an
that
flexibility,
multipurpose laboratory module was
suitable for Japanese participation in
the SSFP.
In order to respond to the Japanese
user requirements discussed above, the
functional design and development of
the JEM configuration were based on
considerations.
following
the
Conducting microgravity experiments in
such fields as material processing and
requires human ac
life science,
For JEM to be a multipur
tivities.
must therefore
laboratory,
pose
include a pressurized module (PM) to
7-23

ELM PS

Manipulator

Fig. - 2,

JEM Baseline Configuration

accommodate manned activities.
Conducting scientific and earth obser
experiments,
vations , communications
and technology development will
require a workbench exposed to the
space environment. JEM should
therefore provide an exposed facility
to accommodate these user
(EF)
Some material experi
requirements.
ments, which cannot be conducted in
the pressurized module because of
safety factors, can also be conducted
The PM will accommodate
at the EF.
the capabilities of controlling and
monitoring the experiments on the
The EF is designed
exposed facility.
Each
in two parts, EF-1 and EF-2.
part will be configured to fit in the
shuttle cargo bay.
Some of the experiments on the EF
require frequent crew access, such as
the interchange of experimental
equipment and materials, and the

construction of large structures in
space. By employing a local manipula
tor and equipment airlock, both
operated from within the PM, this
access can be accommodated and concur
rently minimizing extravehicular
activity.
store, and transport
To supply,
specimens, gases and equipment, JEM
has included the Experiment Logistics
Potentially it serves
Module (ELM).
as part of the logistics function of
the overall Freedom, and could provide
an emergency evacuation facility for
crew members trapped in the JEM.
The JEM will be launched on two
The first flight
shuttle flights.
The
will transport the PM and EF-1.
second flight will bring up the EF-2
and the ELM.
The baseline configuration of JEM is
The primary characshown in Fig-2.
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teristics of JEM are shown in Table-2.

space station and consists of manage
ment and coordination of all systems
whose functions are distributed across
the elements (e.g. the power system,
the data management system).
The
local management system controls all
hardware in the element including dis
tributed systems and payloads in
respond to direction from the global
management system.
It also monitors
the status of JEM systems and reports
to the global management system.

During functional design,the evolution
was studied and several examples are
shown in Fig-3.
In one of the con
cepts, the EF with a resource module,
can be used as a free flyer (FF) . As
such, a FF can be tested and serviced
as a part of EF until it is operation
al. The spare EF can be stored on the
SS keel while not in use.
JEM ! s efficiency and capabilities are
the enhanced by having many resources
supplied by the Freedom core: for
example
habitability
services,
electric power, water and air, thermal
rejection, communication. The PM will
be directly connected to the Freedom
core, and is designed to receive
resources from it.
These resources
are managed by the JEM local manage
ment system which works under the
Freedom global management system, and
are distributed inside the PM, to the
EF and the ELM.

The JEM electrical power system will
have a 15 kw capability.
It will
receive its power from the Freedom
global primary power distribution
system. Within JEM the power will be
converted to 120 volts DC using a bulk
converter and distributed inside the
PM, to the ELM and EF.
The bulk
converter is designed to isolate noise
between primary and
secondary
distribution systems,
and reduce
integration and verification risk.
The JEM will require a 26.5 kw heat
rejection capability, which includes
the heat generated in the ELM and EF.
This heat will be rejected through the
SS radiators and the PM body mounted
radiators.
The JEM local area data
management network will maintain a
data transfer capability of 10 MBPS
for low rate packet data, and 32 MBPS

To assure a clean and minimum inter
face as stipulated in the Japanese
program policy and to reduce the risks
for the development,
especially
integration and verification, the
concept of "global" and "local" were
introduced.
The global management
system was assumed to manage the whole

Table 2. JEM System Primary Characteristics

Pressurized
Module
Structural Type

Cylindrical

Experiment Logistics Module
Exposed
Section

Cylindrical

Box Type

Box Type

Box Type

Height 4
Width 2

Height 2.5
Width 1.4

Height 2.5
Width 1 .4

Diameter

(m)

4

4

Length

(m)

10

4

4

2,700

700 (TBD)

Dry Weight (kg)

Payload Volume

Payload
Electrical Power
Data Transfer

13,500
17m3

1 0 Racks

Exposed Facility

Pressurized
Section

14m3

Standard
Payload

8 Racks

3 (max)

EF-1

4
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1,200

Standard Payload Envelope
1 .0 mX 0.8m X 1 .85 m X 1 0 Pieces (max)

Payload Network 32 Mbps (Layer I) , System Network
High Rate Data System 1 00 Mbps (max)
2 (max.)

4

1,600

4

Housekeeping 6 kW, Mission Pay Load 9 kW

Crew

EF-2

6

1 20 VDC
10 MDps (Layer l)

Pressurized Module
Experiment Logistic Module

Platform

(Scenario 1, Scenario 2)

SS Keel

(Scenario 3)

Fig.-3. JEM Concept at Growth Phase
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for high rate non-packet data.
The
low rate data line will interface with
the Freedom global network of the Data
Management System (DMS) through a
gateway.
JEM is being designed to
control and direct all signals via the
DMS gateway.
The JEM will also have
the capability of exchanging video and
audio signals.
JEM PRESSURIZED MODULE

The PM is a 10.6 meter long tubular
cylinder with an internal diameter of
4.0 meters.
It has a pressurized
volume of about 140 cubic meters. The
PM can accommodate 23 equivalent
standard racks. Ten of which will be
used for payload racks, two for the
worksation and workbench, and five for
storage. The space provided under the
floor will be used for the JEM subsys
tems and will be equivalent to about
six standard racks.
The PM also
includes a scientific and equipment
airlock, and a remote manipulator
console.
Fig-4 shows PM internal
volume allocation.
The PM will be accommodated with
bumpers for debris and meteoroid
protection. The PM system and subsys
tem assemblies are shown in Fig-5.
EXPOSED FACILITY

The EF will be connected to the PM by
a berthing mechanism, which can be
mechanically connected and discon
nected on orbit.
All resources will
be transferred from the PM to the EF
through the berthing mechanism.
The
telemetry data and control commands of
the EF subsystems and experiment
equipment will be transmitted via this
berthing mechanism as well.
EF external dimensions are shown in
Fig-6. The EF will be composed of EF1 and EF-2, both of which will be
connected by the berthing mechanism.
The experiment equipment will be
attached to the EF.
The remote
manipulator tool storage and environ
ment contamination monitor will also
be attached to outside of the EF.
Subsystems for the EF will be located
on EF-1, so that the subsystems can be
checked on orbit before the EF-2
launch.
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EXPERIMENT LOGISTICS MODULE

The ELM provides on-orbit stowage
volume and can transport JEM logistic
supplies such as experiment specimens,
gases and fluids, equipment for
configuration change, and spares for
maintenance. The ELM will consist of
two sections: a pressurized section,
and an exposed section.
The pressurized section will store and
transport JEM logistic supplies in a
pressurized environment and have crew
evacuation provisions for emergen
cies.
The pressurized section is
designed to have a pressurized volume
of about 40 cubic meters.
It can
effectively accommodate
eight
equivalent standard racks and provide
a crew operation area.
The at
mospheric environment in the pres
surized section depends entirely upon
the PM atmosphere through the inter
module ventilation system.
It is
designed with bumpers for debris and
meteoroid protection. It will provide
a 2-man crew, survival conditions for
3 hours without an external resource
supply during emergency evacuation for
rescue.
The exposed section will store and
transport payloads, experiment fluid
and specimens, and spare parts in an
unpressurized environment.
Both the
pressurized section and the exposed
section are shown in Fig-7.
SCIENTIFIC AND EQUIPMENT AIRLOCK

The scientific and equipment airlock
will be cylindrical, measuring 1.6m in
diameter and 2.2m in length. It will
employ a welded structure of aluminum
alloy.
The inner hatch will open
toward the inside of the PM.
The
outer hatch will be sealed inside the
airlock and will open toward the
outside to maximize the effective
inner volume of the airlock.
The maximum equipment size trans
ferable through the airlock will be
about 50cm x 86cm x 130cm.
Pressurization and depressurization will
be controlled from the PM.
The air
for pressurization will be supplied
from the PM and 90% of the airlock air
will be recovered into the PM during
depressurization.
Anti-condensation
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STORAGE
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SYSTEM

STORAGE

STORAGE

USER

USER

WORK
STATION
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USER

ELM PORT
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USER

AFT END
CONT

=>

| STORAGE"!

NODE

SUB
SYSTEM
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SYSTEM
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USER
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SUB
SYSTEM

USER

SUB
SYSTEM
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SUB
SYSTEMS
STORAGE

USER

SUB
SYSTEM

USER

AIRLOCK
SYSTEM

STORAGE
EF CONTROLS

\
Fig - 4

PRESSURIZED MODULE INTERNAL VOLUME ALLOCATION

10610

EMERGENCY COMMUNICATION ANTENNA
'THING
^HANISM
i/ELM-PS)

GAS
BOTT

STORAGE
RACK
(REFRIG/

FREEZER)

Fig. - 5,

JEM Pressurized Module Internal Configuration
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ENVIRONMENTAL
CONTAMINATION
MONITOR

a. EF Payload Layout

JEM PM/EF-1
BERTHING
MECHANISM

. KEEL FITTING

b. EF Dimensions

Fig-6. EF Baseline Configuration
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TRUKNIOK

\

'BERTHING HECHAHISH

SECT A-A

(2)
(1) Features
- Provide meteorold/debrls bumper
- Used for rescue to tranfer crew in JEM(TBD)
- Pressurized environment

Primary- characteristics
Structural type
Diameter
Length

Dry weight

Payload
Installation Volume
Payload weight

a. ELM Pressurized Section

Cylindrical
4 m
4 m
2.7 x
«
14mJ/8 racks
Max. 5 ton

,2000.
(1) Features
- Carry and store standardized
exposed facility payloads,
mission resupply, and ORUs
for the EF.

(2) Primary characteristics

A-A

Box type
Structural type
4 m
Height
4 m
Width
2 m
Length
700kg
Dry weight
Standard payioad :
0.8m x 1m x 1.85m /each
3 pieces (Max.)
: 2 ton
Payload weight

b. ELM Exposed Section

Fig-7 ELM Baseline Configuration
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control during pressurization and
depressurization will be provided. A
remote-controlled slide table will be
provided as a transfer aid.
JEM REMOTE MANIPULATOR

The JEM remote manipulator will be
capable of grappling and transferring
pay loads as well as performing the
basic payload operation and main
tenance functions.
The manipulator
will be remotely controlled by the
crew in the PM and can be operated in
two different modes.
One mode of operation employs the main
arm and a standard end effector. This
mode will be used mainly for handling
large and heavy payloads.
Its main
tasks will include attaching/detach
ing the ELM and the EF to/from the PM,
and attaching/detaching payloads
to/from EF.
The second mode will employ a small
fine arm attached to the main arm.
This mode will be used mainly for
finer tasks involving small, light
objects.
The small fine arm coupled
with the main arm will hold an object
either by a two-finger gripper or by a
special tool.
It will perform such
tasks as attaching, detaching and
transferring objects.
The main tasks
of this mode will be: replacing orbit
replacement units of the EF, replacing
payload experiments, and supporting
infrastructure construction.
The
manipulator will be remotely operated
and allow for either direct visual or
TV monitoring by the crew in the PM.
The small fine arm will be controlled
manually via a master arm in bilateral
servo fashion after the main arm is
positioned and made rigid in a
specific location.
HIGH FIDELITY MOCK-UP

During the second half of Phase B, a
high fidelity mock-up of JEM and a 1-g
functional model of the remote
manipulator were built. These models
were used to design the layout of
equipment .and subsystems in the PM and
on the EF. The models will be updated
and used as a simulator and trainer in
the future.
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CONCLUSION

The Phase B study for JEM was
completed at the end of March 1987.
The study was very successful, and the
program policy and requirements
established by the Ad Hoc Committee
were mostly fulfilled. At the end of
the phase B study, SAC allocated about
2.5 billion dollars for the phase C/D,
and named STA as an implementing
agency and NASDA as supporting agency.
STA will perform Level-I function with
NASDA'S support.
NASDA will perform
Level-II and -III function.
Japan signed the Inter-Governmental
Agreement for the phase C/D/E
activities of the international Space
Station Freedom Program with the U.S.,
Canada, and European partners on
September 29, 1988.
The agreement
will be approved by the Japanese Diet
by early this summer.
Upon approval
of the agreement Japan will sign the
MOU for the phase C/D/E activities
with NASA, and NASDA will award the
phase C/D contracts.
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